###### Strengths and limitations of this study

-   We have developed a descriptive model helpful in the systematic monitoring and evaluation of the obstetric care system.

-   Even if the attention is focused on a part of the obstetric care system, the entire system remains in view. The results of comparisons cannot be influenced by shifts between or exclusions of patient groups without being perceived.

-   The design of the model is based on the most relevant organisational characteristics of the obstetric care system. In view of the system's dynamics we have opted for a combination of a transversal and a longitudinal study approach, while deliberately limiting the number of calendar years per distinct time period.

-   The figures compared at the macro level consist of the sum of the figures that are collected at the meso level. Small differences in the relative incidence of adverse outcomes at the macro level may hide much larger differences at the meso level.

-   The absolute numbers of adverse outcomes on which the differences in relative incidence are based are usually very small. In 2008--2010, the 'night/day difference' in the relative incidence of perinatal mortality in the total group of non-teaching hospitals corresponds to three cases on an annual basis.

Introduction {#s1}
============

Since its foundation in 1999, Euro-Peristat's objective has been to monitor and evaluate maternal and child health during the perinatal period using valid and reliable indicators. Owing to the successive Peristat reports,[@R1] the perinatal mortality rate has become a widely used indicator to compare the performance of obstetric care systems in the participating European countries. Partly as a result of the greatly increased attention to patient safety since the publication of the influential American report 'To Err is Human',[@R4] the perinatal mortality rate is also often used to rule out or reveal differences in the safety of care within an obstetric care system. Thus, over the years, publications from different countries have reported a higher perinatal mortality rate at childbirth outside office hours than at delivery during the day.[@R5] What almost all of these comparative studies have in common is that they take only part of the obstetric care system into consideration, have a transversal design, and are based on the data of a rather large number of mostly older calendar years. This poses the question: Is the design of these studies sufficiently consistent with the complexity and the dynamics that characterise each (obstetrical) care system?

Professional organisational context {#s1a}
-----------------------------------

The key concept in this study is the professional organisational context, defined here as the whole of knowledge, skills, organisational arrangements and technical facilities available to optimise the effectiveness and safety of (obstetric) care. The starting point is that the context of pregnancy and childbirth is determined by many interrelated factors. Each of these factors can exhibit incidental or structural deficiencies (whether or not through insufficient use) that contribute to substandard care and adverse outcomes.[@R11] In our approach it is nevertheless essential that we consider the professional organisational context as a whole. This can be done at three levels. At the micro level, it concerns the context of an individual obstetric care process. At this level there are effectively as many professional organisational contexts as there are births. At the meso level, it concerns the context in a specific obstetric unit or ward. The focus of this study is on the macro level, the model-based country-wide context that can be constructed using individual data. It is in the nature of each professional organisational context that it is far from stable. New insights, new regulations, new technologies, different allocations of tasks, revised professional standards, different forms of cooperation, new procedures and a wealth of other influences lead constantly to changes that affect the quality of care.

Organisation of the obstetric care system {#s1b}
-----------------------------------------

In the Netherlands, the obstetric care system is based on the premise that pregnancy and childbirth are physiological phenomena. As long as there is no actual risk (ie, no manifest medical or obstetric problem) and the anamnesis (obstetric history, etc) is not seen as a potential risk, pregnancy and childbirth usually are supervised by a midwife (first line). Childbirth can take place either at a patient\'s home or in a maternity unit (mostly an annexe to a hospital). Once, however, the risk for mother and/or child is assessed as raised, supervision is transferred to an obstetrician in a general hospital (second line) or a (university) hospital with a neonatal intensive care unit (NICU) (third line). The organisational structure of the obstetric care system provides a functional stratification of professional organisational contexts (first, second, third line). Risk assessment and risk selection are the basis of virtually any contact between patient and care professional. The aim is primarily to find a fitting professional organisational context for each individual patient. Each contact can lead to an adjustment in context. The higher the assessed risk, the more requirements are imposed on the context in which pregnancy and childbirth are supervised. This means that the choice of the professional organisational context in which childbirth takes place is at least partly determined by the risk selection built into the obstetric care system.

Categorisation of individual contexts {#s1c}
-------------------------------------

Although obstetrics is practiced at the meso level, nearly all research into the contexts in which deliveries take place is geared towards fictitious contexts that are constructed at the macro level.[@R5] In our approach the individual professional organisational contexts are categorised in such a way that they reflect the organisational structure of the national obstetric care system. Useful features for this are: the supervision of labour (first-line midwife and/or second or third line obstetrician), the location of birth and the part of the day in which the second stage of labour begins.[@R12] To visualise the trends over time, the time period in which birth takes place is a useful starting point. While the individual contexts are categorised, the related patients (records) are simultaneously grouped at the macro level. The thus composed context related patient groups (subpopulations) are the core objects of our study. It is essential that the distinct context-categories and related patient groups are exhaustive and mutually exclusive. Each patient (record) is exclusively related to a single context category. This makes it possible, if required, to merge two or more context related patient groups and to consider these as a whole ([figure 1](#BMJOPEN2014006083F1){ref-type="fig"}).

![Overview of the main (merged) context-categories and related patient groups.](bmjopen2014006083f01){#BMJOPEN2014006083F1}

Risk profile of context related patient groups {#s1d}
----------------------------------------------

The way in which obstetric care is organised dictates that the professional organisational context of a delivery is largely determined by risk assessment and risk selection at the individual level. This means that the distribution of patients over the various contexts is at least partly selective in character. This is reflected in the actual risk profiles of the distinct context related patient groups ([figure 2](#BMJOPEN2014006083F2){ref-type="fig"}). It is plausible that a high percentage of patients at higher actual risk (in the absence of professional intervention) correlates with a high relative incidence of adverse outcomes. This implies that the same actual risks that influence the choice of the professional organisational context also influence the incidence of adverse outcomes in the related patient group. Hence, a professional organisational context-category cannot be considered as an independent determinant. It is important to note that the risk profile of a context related patient group can also be affected by the exclusion of patients (records) because of the design of a study.

![Factors influencing the relative incidence of adverse outcomes in context related patient groups.](bmjopen2014006083f02){#BMJOPEN2014006083F2}

Distribution of deliveries over the 24 h day {#s1e}
--------------------------------------------

The distribution of patients (records) over the distinct context-categories is not only determined by professional choices. This is especially true for patients with a spontaneous onset of labour (ie, without professional intervention). We base this claim on a twofold assumption: (1) Under natural conditions the deliveries are randomly spread and, therefore, in a population of sufficient size, (approximately) equally distributed over the 24 h day; (2) Under these conditions, the actual and potential risks in this population are also (approximately) equally distributed over the 24 h day. The reverse side of this basic assumption is that, in case of an unequal distribution of deliveries, we cannot assume that the risks are equally distributed over those 24 h.[@R12] In this way we therefore ignore the smaller peaks and troughs in the distribution of births over the day that have been described.[@R13] [@R14]

A responsible comparison of context-categories {#s1f}
----------------------------------------------

If the objective is to gain insight into the performance of a professional organisational context-category, the conventional method is to compare the (adverse) outcomes of births in the related patient group (transversal) with those in a reference category.[@R5] To complicate matters, the relative incidence of adverse outcomes in a context related patient group is not only affected by contextual factors, but also by patient-related factors ([figure 2](#BMJOPEN2014006083F2){ref-type="fig"}). A difference in the incidence of adverse outcomes between two context related patient groups can therefore only be attributed (exclusively) to a difference in performance of the relevant professional organisational contexts if it can be established that this difference in incidence is not caused by a difference in actual risk profiles.

Study objective {#s1g}
---------------

The complexity and the dynamic character of the obstetric care system have inspired us to develop an integral descriptive model for the monitoring and evaluation of patient flows and of the adverse outcomes of (post-)term childbirth related to the distinct categories of professional organisational contexts. In this article, we have focused our attention on the obstetric care in hospitals and, more specifically, on the quality and safety of care outside office hours.

Materials and methods {#s2}
=====================

The nationwide data for this study has been provided by the Netherlands Perinatal Registry (PRN). This PRN data collection is obtained through a validated coupling of three different registries: the midwifery registry (LVR1), the obstetrics registry (LVR2) and the neonatology registry (LNR).[@R15] The PRN registry covers approximately 95% of all births in the Netherlands.

Model of the obstetric care system {#s2a}
----------------------------------

The descriptive model of the obstetric care system we have developed as part of our study is based on the categorisation of individual professional organisational contexts and related patients (records). In the most detailed view of the model, the subsystems (and related subpopulations) correspond to the distinct context-categories and related patient groups.[@R12] The more global model presented in this article has been obtained by merging a number of context-categories and related patient groups ([figure 1](#BMJOPEN2014006083F1){ref-type="fig"}). Determiners of the main (merged) context-categories and related patient groups are the *supervision* of labour and the *location* of birth. In this global representation of the model we distinguish non-teaching hospitals, teaching hospitals (obstetrics and gynaecology) and teaching hospitals with a NICU. On the basis of the current timetables in healthcare, we made a distinction between the individual professional organisational contexts in the daytime (9:00 to 16:00) and the contexts during the evening and night (19:00 to 6:00). To establish as distinct a contrast as possible between the subgroups related to both these context categories, we have defined a third *part of the day* (category) for the contexts during the intermediate duty handovers in the early morning and the late afternoon. To mark the time of childbirth, we have used the onset of the second stage, the phase of labour immediately prior to birth. In this phase high demands are placed on the professional organisational context.

Transversal and longitudinal comparisons {#s2b}
----------------------------------------

In our study approach we do not restrict ourselves to a transversal comparison of the incidence of adverse outcomes in different context related patient groups, but combine this approach with the visualisation of developments in successive time periods.[@R16] Considering that professional organisational contexts are constantly subject to change, we have chosen time periods of a limited number of calendar years. Using relatively recent PRN data, the longitudinal approach in this article covers three successive time periods: 2002--2004 (I), 2005--2007 (II) and 2008--2010 (III).

Study population {#s2c}
----------------

Our basic population includes all births with a gestational age ≥37 weeks of the calendar years 2002--2010 (n=1 469 955). Excluded from the final study population are all cases of antepartum mortality (n=2008). Also excluded are all elective caesarean sections, multiple pregnancies and/or inductions of labour (n=347 808). The elective caesarean sections and the inductions of labour are excluded because these obstetric interventions are not equally distributed over the 24 h day. We have called the resulting study population a Spontaneous onset of labour, after reaching the Term period, Alive at the onset of labour, Single child (STAS) population: patients who came into the STAS (n=1 120 508). This STAS population corresponds with about 70% of the complete PRN data file.

Testing the basic assumption {#s2d}
----------------------------

Within the global model outlined above ([figure 1](#BMJOPEN2014006083F1){ref-type="fig"}) we distinguish a merged, context related patient group that is ideally suited to test the basic assumption: 'Onset supervision of labour by midwife (1st line)'. Characteristic of this group is that it includes all patients who were assessed as low risk during pregnancy and who came into a spontaneous onset of labour. Assuming an equal distribution of patients (records) over the 24 h day, the expected distribution over the distinct parts of the day is as follows: daytime 29.2% (7/24), evening/night 45.8% (11/24) and duty handovers 25% (6/24).

Outcomes of births {#s2e}
------------------

The two outcome variables used in this study both have the character of adverse outcomes: the perinatal mortality rate and the incidence of the Apgar score \<7 after 5 min. Partly due to the exclusion of antepartum mortality cases in the STAS population, the average incidence of perinatal mortality is especially very low---a reason for us to focus on the absolute numbers as well as the proportions (with a 95% CI) of these variables. To determine the difference in incidence of adverse outcomes between two (merged) context related patient groups, we used the risk ratio (RR) with a 95% CI.

There are different reasons to question case-mix adjustment in a non-randomised observational evaluation study such as this.[@R17] For example, the PRN registration does not provide for a clear and complete data set with respect to the actual risks during labour. The main reason why we have desisted from case-mix adjustment, however, is that it is not compatible with the descriptive deterministic nature of our study design.

Results {#s3}
=======

For the presentation of its concrete applications we use tables that are directly derived from the described model ([tables 1](#BMJOPEN2014006083TB1){ref-type="table"}[](#BMJOPEN2014006083TB2){ref-type="table"}--[3](#BMJOPEN2014006083TB3){ref-type="table"}).

###### 

Distribution of (post)-term births and associated adverse outcomes over the distinct (merged) context related patient (sub)groups in time period 2002--2004

  ----------------------------------
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Distribution of (post)-term births and associated adverse outcomes over the distinct (merged) context related patient (sub)groups in time period 2005--2007
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###### 

Distribution of (post)-term births and associated adverse outcomes over the distinct (merged) context related patient (sub)groups in time period 2008--2010

  ----------------------------------
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To enable targeted references to these tables, the columns are indicated by a capital letter and the rows with a number. Each of the uniform tables in this article covers one of the distinct time periods. The upper rows (1--3) of these tables show to what extent the excluded patient categories affect the size of the study population and the incidence of both outcome variables. The other rows (4--36) of the tables show how the number of patients (records) and the adverse outcomes within the STAS population are distributed among the main (merged) context related patient groups ([figure 1](#BMJOPEN2014006083F1){ref-type="fig"}).

Number of patients {#s3a}
------------------

Compared to the reference period (I), period II shows a reduction of the total number of births ≥37 weeks (B1) and also the number of STAS births (B4). The number of STAS births supervised by the second or third line (B21) remains practically the same. At the same time, there has been an absolute and relative decline in the number of patients in the excluded categories (B3,C3). Time period III subsequently shows a slight increase in the total number of births (B1), but a further decrease in the number of STAS births (B4). The number of STAS births supervised by the second or third line also shows a slight decline, both absolutely and relatively (B21,C21). This is accompanied by a substantial absolute and relative increase in the number of patients in the excluded categories (B3,C3). All this results in a decrease in the proportion of births supervised by the first line (36.4%, 35.7%, 32%) (C5).

Population characteristics {#s3b}
--------------------------

In the basic population, the differences in mother, labour and child characteristics between the three successive time periods are small (table not shown). Exceptions to this are the decrease in the proportion of pregnancies ≥42 weeks in the periods I (5.9%), II (5.3%) and III (3.2%), the decrease in the proportion of breech presentations (4.4%, 4.1%, 3.6%) and the increase in the proportion of deliveries with epidural analgaesia (5.3%, 7.8%, 13.1%).

Distribution over the 24 h day {#s3c}
------------------------------

In line with our basic assumption, in each of the three time periods the total group of patients who started labour under the supervision of the first line shows a distribution pattern that approximates the expected distribution of the deliveries over distinct parts of the day (D14,D15,D16). In almost all other (merged) context related patient groups there is a disproportional distribution of patients (records) between the 'daytime group' and the 'evening/night group'. In the group of STAS births supervised by the first line the proportion of the 'daytime group' in the periods I (28.3%), II (27.7%) and III (27.2%) (D6) is increasingly smaller than expected (29.2%). At the same time, in the group of referrals during labour this proportion is considerably larger than expected (33.7%, 33.3%, 32.3%) (D10). The same applies to the patient group supervised from the onset of labour by the second or third line (34.1%, 33.4%, 33.1%) (D18). The deviation from the expected distribution over the parts of the day is by far the largest in the group of non-teaching hospitals (D26,D30,D34).

Incidence of perinatal mortality {#s3d}
--------------------------------

In the basic population the perinatal mortality rate decreases from 1616 cases in the reference period (I) to 1369 in period II and 1044 in period III (E1). The relative incidence of perinatal mortality also declines, in period II (10%) as well as in period III (33%) (G1,K1). The STAS population shows a similar pattern in the decrease of the relative incidence of perinatal mortality (G4,K4). Also, the relative incidence in the excluded patient categories shows a substantial decrease in time period III (G3,K3).

Compared to time period I, in the group of STAS births supervised by the second or third line, there has been a slight drop in relative incidence in period II (9%) and a substantial decline (31%) in period III (G21,K21). The decrease in period II mainly concerns the 'duty handover group' (28%) (G24,K24), while the further decline in period III concerns the 'duty handover group' (47%) as well as the 'evening/night group' (29%) (G23,K23).

Between the distinct parts of the day the differences in the incidence of perinatal mortality are the highest in time period I. Thus, compared to the 'daytime group' the incidence in the 'evening/night group' is 12% higher (H23) and in the 'duty handover group' 28% higher (H24). These differences are mainly caused by the group of non-teaching hospitals (H27,H28). In period III only the 'evening/night group' within the group of non-teaching hospitals shows a higher incidence than the reference group (17%) (H27). It is noteworthy that within the group of teaching hospitals, none of the successive time periods shows a higher incidence of perinatal mortality in the 'evening/night group' (H31).

Incidence Apgar score \<7 {#s3e}
-------------------------

In the basic population the absolute incidence of the Apgar score \<7 shows a decrease from 5558 cases in time period I to 5045 in period II, followed by an increase to 5249 in period III (M1). The relative incidence shows a similar pattern in successive periods (V1,Z1). The same applies to the relative incidence in the STAS population (V4,Z4).

Similarly, in the group of STAS births supervised by the second or third line there are hardly any differences in relative incidence between the time periods I, II and III (V21,Z21). Compared to time period I there is, within this main group in period III, a slight decline in the incidence of the Apgar score \<7 in the group of teaching hospitals (5%) (V29,Z29) and an increase in the group of teaching hospitals with a NICU (14%) (V33,Z33). The excluded patient categories also show a rise in incidence in period III (8%) (V3,Z3).

Despite the almost unchanged incidence in the main groups there has been a substantial reduction in the differences in the incidence of the Apgar score \<7 between the distinct parts of the day in the successive time periods (W). This levelling of incidence differences between the parts of the day is accompanied by an increase in incidence in most 'daytime groups' (V,W).

Discussion {#s4}
==========

By developing a descriptive model, we have produced a tool that can be helpful in the systematic monitoring and evaluation of care in the obstetric care system. Even if the attention is focused on a part of the obstetric care system, the entire system remains in view. In this respect, our study design distinguishes itself from many other studies in this area.[@R5] Yet there are more relevant differences. The design of the model is based on the most relevant organisational characteristics of the obstetric care system. In view of the system's dynamics we have opted for a combination of a transversal and a longitudinal study approach, while deliberately limiting the number of calendar years per distinct time period. A major limitation of this study is related to the common macro approach. The figures compared at the macro level consist of the sum of the figures that are collected at the meso level. This complicates the interpretation of the results. Small differences in the relative incidence of adverse outcomes at the macro level may hide much larger, in part mutually compensating, differences at the meso level. However, such a difference may equally well point to shortcomings in just a few units and/or wards.

Diverging outcome variables {#s4a}
---------------------------

Compared to the reference period, particularly in the most recent time period (2008--2010), the relative incidence of perinatal mortality in the term population is greatly diminished. In the STAS population this decline mainly concerns the 'evening/night groups' and the 'duty handover groups' ([figure 3](#BMJOPEN2014006083F3){ref-type="fig"}). As a result, there are hardly any demonstrable differences any more in the relative incidence of perinatal mortality between the parts of the day. It follows that such differences can no longer be used to question the safety of obstetric care outside office hours in the Netherlands.[@R8] [@R16]

![Development of adverse outcomes in Spontaneous onset of labour, after reaching the Term period, Alive at the onset of labour, Single child (STAS) births supervised by 2nd/3rd line.](bmjopen2014006083f03){#BMJOPEN2014006083F3}

In contrast to the perinatal mortality rate, the incidence of the Apgar score \<7 barely shows a decline in the successive time periods ([figure 3](#BMJOPEN2014006083F3){ref-type="fig"}). In most 'daytime groups' the levelling of the differences in incidence between the parts of the day is even accompanied by a slight rise in incidence. It is noteworthy that in the group of teaching hospitals with a NICU in the most recent time period, there has been an increase in the incidence of the Apgar score \<7 during all parts of the day. It is not yet clear how this remarkable divergence of both outcome variables should be explained. The question of whether the quality of obstetric care in hospitals has improved, therefore, cannot be answered unequivocally.

Complicating findings {#s4b}
---------------------

The presented results clearly support our basic assumption. In most (merged) context related patient groups, however, there is no proportional distribution of patients (records) over the distinct parts of the day. A plausible explanation is that the professional interventions that affect the course of childbirth are spread unevenly over a 24 h day.[@R12] This applies first, to referrals from the first line to the second line during labour, and second, to the augmentation of labour under the supervision of the second or third line. This explains why the number of patients who reach the second stage of labour during daytime while being supervised by an obstetrician in the second/third line is proportionally greater than during the evening/night. Under these conditions, one cannot assume that the actual risk profiles of the 'daytime group' and the 'evening/night group' within the same (merged) context related patient group are equal to each other ([figure 2](#BMJOPEN2014006083F2){ref-type="fig"}).

To complicate matters, the absolute numbers of adverse outcomes on which the differences in relative incidence are based usually are very small. Thus a simple calculation shows that, in the most recent time period, the 'night/day difference' in the relative incidence of perinatal mortality in the total group of (about 40) non-teaching hospitals (RR 1.17) corresponds to three cases on an annual basis. Perhaps this is a good reason to consider the introduction of a new outcome variable that better matches the desired outcome of childbirth, for example: mother and child back home (in good health) within 1 week after birth.

Shifts between (merged) context related patient (sub)groups not only occur within a certain time period, but also in successive periods. Often these shifts are the result of new professional insights, standards and habits that lead to other referral patterns and/or interventions. Examples include the changed obstetric policy at breech presentations and at post-term pregnancies. With these types of changes over time the effect on the actual risk profile of the (merged) context related group can be assessed with reasonable accuracy. It is therefore easier to interpret a difference in the relative incidence of adverse outcomes by means of longitudinal comparisons than by means of transversal comparisons.

Conclusion {#s5}
==========

The complexity of the obstetric care system is not only the result of the multifactorial and dynamic character of the professional organisational contexts in which births take place. The size and the risk profile of the patient groups that are functionally related to these contexts are also in constant flux. This dynamic is to a large extent determined by professional intervention, at patient and also at policy level. All this makes it virtually impossible to demonstrate fixed patterns in the relationships between the separate contextual factors and the (adverse) outcomes of births. To generate useful knowledge it is necessary that changes in the obstetric care system are periodically and systematically evaluated. However, obstetrics is not practiced at the macro level. We should therefore consider complementing macro-level evaluations with parallel evaluations at the meso level. Here, too, our integral descriptive model could play a useful role.
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